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1 Introduction

SA2 has further progressed QoS architecture that brings more clarity to what is needed in RAN2.  This document first summarises the SA2 decisions that impact RAN2 and then discusses the QoS signalling needed in RAN.  It also provides message flows to provide an end to end view for different scenarios.
2 Discussion
2.1 NAS QoS related information in SA2 (relevant to RAN)
Last SA2 meeting made progress on QoS architecture.  According to SA2 decision, packets belong to different QoS flows, with packets within a QoS flow requiring the same QoS handling.  Each packet on NG3 has a QoS marking indicating the QoS flow of the packet.
There are two types of QoS markings (that are scalar values) defined in SA2:

-
Markings that point to QoS profile of A-type (see bullet 11 in Annex B of this paper).  These have standardise (defined in specifications) QoS characteristics and hence the NAS QoS characteristics do not need to be signalled as they are already known; 

-
Markings that point to QoS profile of B-type (see bullet 12 in Annex B of this paper).  These have dynamic QoS parameters, where the definition of the value needs to be signalled.  SA2 has agreed that these will be signalled to the UE via NAS signalled and also to gNB via NG-C

Each packet over NG-U interface carry the QoS marking in the tunnelling header indicating the QoS treatment expected for the packet.   

An UL packet filter is used in the UE NAS to associate an UL packet with its QoS profile.  These UL filters are created in the UE based on reflective QoS or explicitly signalled to the UE using NAS.
The QoS profile, the UL filter (where applicable) and the precedence order together form the QoS rule.

In addition, each packet over NG3 interface may also carry a Reflective QoS indication bit (in case SA2 decides that Reflective QoS (de)activation is performed using inband mechanisms, which is FFS).  This bit indicates whether the UE should apply reflective QoS to build the UL filter.
In summary, the information from CN are:

1. NAS signalling to UE: QoS rule for default bearer, , AMBR for PDU session, pre-authorised QoS rules (if any; of A-type or B-type)
2. NG-U packet tunnelling header: QoS marking
3. NG-C signalling to gNB:  QoS profile for the default QoS rule, AMBR for PDU session, QoS profile for pre-authorised QoS rules (if any)
The QoS parameters in the QoS rule expected to be provided by NAS to UE is given in Annex C.  
Pre-authorised QoS is discussed in Tdoc [R2-168510].
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Figure 1: NAS QoS related signalling associated with RAN

2.2 RAN QoS information 
RAN2 agreed to reuse the DRB concept and all packets in a DRB will receive the same QoS handling in RAN.  Further, RAN2 also agreed that the mapping from QoS flows and DRB is left to gNB implementation.  
Putting the two together, application data is marked with a QoS marking using NAS traffic filters.  Mapping between QoS marking and DRB is based on RAN configuration.    UL filters are set up in based on NAS signalling  or reflective QoS  and these are not be visible to gNB.  This is captured in agreement:
10.2.1.            At the upper layers the UE matches the uplink packet to a QoS rule and binds the uplink packet to the NAS-level QoS profile (A- or B-type) of this QoS rule (explicitly signalled or implicitly derived via reflective QoS).
10.2.2.            When passing an UL packet from the upper layers to AS in the UE, the upper layers indicate to AS the NAS-level QoS profile (via the corresponding QoS marking), including information allowing the AS to identify the PDU Session. 
The following figure shows the user plane handling including AS and NAS.
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Figure 2: Figure showing the mapping of IP packets with QoS marking and into DRBs
The following information can then be identifies as potentially needed to be provided to the UE over AS:

1. DRB related QoS parameters: 
2. QoS marking for a packet: 
3. Reflective QoS indicator (FFS; pending SA2 decision)
4. Information to identify the PDU session if multiple PDU sessions are muxed into a DRB.

Each of them are discussed in further detail below.
2.2.1 DRB related QoS parameters:

Based on the RAN2 decision to use DRBs, it should be possible to configure the user plane with the necessary parameters.  These parameters are based on the QoS requirements of the traffic it is carrying.  When traffic from different QoS markings are muxed into a DRB, the QoS supported by the DRB must meet the most stringent QoS marking and this is ensured by the gNB.  
The list of user plane configuration parameters used in LTE is provided in Annex A.  These need to be configured in the UE at least at first PDN session establishment for the default DRB.    Optimisations may be possible to avoid having to signal these for every DRB.   RRC is the natural choice to carry this configuration information.

Proposal #1: User plane configuration parameters (configured to enable the DRB to meet the desired QoS) should be should be carried over RRC signalling at least for some DRB setup scenarios.  

LTE uses three identifiers for a DRB – EPS bearer id, DRB id, and logical channel id.  The mapping between the three ids are provided at DRB establishment and DRBid and logical channel id.    In the absence of EPS bearer, there is no EPS bearer id to provide to the UE.   DRB id is L3 (RRC) id used for reconfiguration of parameters of the bearer, while the logical channel id is the user plane id carried in each packet to identify the user plane stack instance to handle the packet.  

A DRBid used at RRC to perform the configuration and subsequent reconfigurations.  It is also used for security.  
It may be possible to re-use the DRBid also as logical channel id but these optimisations can be discussed in a later phase.

LTE configures the PDCP, RLC and MAC configuration parameters including with prioritisation parameters in MAC during DRB setup (full list is provided in Annex A).  Most of these can be expected to be relevant also for NR.  A couple of features require additional discussion:

PBR concept: LTE model uses UE specific UL grant and strict enforcement UL logical channel prioritisation.   This can result in starvation of the low priority bearers.  PBR concept is defined in LTE to prevent such starvation of low priority bearers.    Starvation can be avoided by other means; for example, if NR either relaxes the UL logical channel prioritisation giving UE some flexibility in its scheduling or if there is a possibility for bearer specific UL grant.  Need for PBR is hence FFS until those factors are clearer.
2) Priority: The priority provided as part of DRB configuration is the scheduling priority.   NAS QoS parameters also contain a priority field and this is associated with QoS marking carried in the packet header.  This can be reused also for the scheduling priority.  While SA2 has not yet agreed on the details of all NAS parameters,   the decision on whether NAS priority can also be used for scheduling priority could be discussed further.  
Proposal #2: LTE like DRB L2 configuration can be reused as a baseline with (at least) the following changes: And EPS bearer id is not applicable.  PBR concept and re-use of NAS priority are FFS.  

2.2.2 QoS marking

RAN2 has agreed to allow for flexible mapping of QoS marking to DRB.  As indicated in Figure 1, there is a two step handling of packets to QoS marking and DRBs.  
Since each DRB can carry packets with different QoS marking, some information has to be carried within the user plane header of the DRB to differentiate the packets with the different QoS marking.   This is necessary for both UL and DL.  For DL, it is necessary because of the two stage handling – so the packets coming out of the DRB have the correct QoS marking so it can be used to update the filters based on the reflective QoS.  For the UL, it is used at gNB to apply the correct QoS marking before the packet is sent over NG-U.  
There are then two options to carry the QoS marking over the AS user plane.  
1) Carry the QoS marking as is from NG-U to User plane header.  
2) Carry a mapped marking over the user plane, with the mapping configured over RRC.  
A possible benefit of this second approach is that it may be possible to use fewer number of bits in each packet header.    For example, if the QoS marker is 5 bits over NG-U and the maximum number of QoS flows that can be muxed into a DRB in 8, then it is possible to achieve a 2 bit saving on the packet header.  RRC configuration procedure should be used to provide the mapping; for example, it could say that QoS marking values 3 and 16 are mapped on this DRB and correspond to values 1 and 7 in the user plane header.  
While there isn’t a big difference either in terms of number of bits saved or in terms of additional reconfiguration messages, it is still useful to reduce control plane involvement and signalling and handle it in user plane.  It is hence proposed:
Proposal #3: QoS markings from NG-U header are carried in the UP (e.g. PDCP) packet header over the radio for the DL.  QoS marking derived from reflective QoS (type A) or QoS marking derived from NAS QoS configuration (type B) are carried in the UP (e.g. PDCP) packet header over the radio for the UL.
2.2.3 reflective QoS indication

Additionally, the NG-U header may also carry (FFS) a reflective QoS indication.  If SA2 decides to support it over UP, this needs to be made available in the DL in each packet at the UE when sent to NAS to ensure the UL packets are correctly updated.   Since this bit can vary on a packet by packet basis (for example could be different for different service data flows), it has to be carried over the user plane header over AS as well.
Observation #4: Reflective QoS indication is carried in the UP (e.g. PDCP) packet header at least for the DL in RAN if SA2 decides to support it over UP.  
2.2.4 PDU session identifier

PDU session identifiers are needed if multiple PDU sessions are muxed into a DRB.  This contribution does not discuss whether this should be supported.  If it is supported, some mechanism is needed to split the UL packets in the DRB into PDU sessions at gNB before sending them over NG-U.   Since PDU session establishment always involved NAS signalling, a PDU session identifier value to be used on the userplane can be configured over RRC.
Proposal #5: A PDU session identifier (details are FFS) is carried in user plane if PDU session muxing is supported.  The value of the PDU session identifier is configured using RRC signalling.
2.3 Message flows
The figure below shows an example signalling flow according to the proposed signalling: for a PDU session establishment, a new packet with new A-type QoS marker being sent on an existing DRB, an UL packet and a new packet with new B-type marker being sent on a new DRB.
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3 Summary and proposals

The document discussed the RAN aspects of supporting QoS according to the current SA2 model.  Different scenarios were analysed for the information that needs to be transferred to the UE and the functionality to be supported.    
Several proposals were made on how to convey QoS information in RAN and on DRB setup.

 Proposal #1: User plane configuration parameters (configured to enable the DRB to meet the desired QoS) should be should be carried over RRC signalling at least for some DRB setup scenarios.  
Proposal #2: LTE like DRB L2 configuration can be reused as a baseline with (at least) the following changes: And EPS bearer id is not applicable.  PBR concept and re-use of NAS priority are FFS.  

Proposal #3: QoS markings from NG-U header are carried in the UP (e.g. PDCP) packet header over the radio for the DL.  QoS marking derived from reflective QoS (type A) or QoS marking derived from NAS QoS configuration (type B) are carried in the UP (e.g. PDCP) packet header over the radio for the UL.
Observation #4: Reflective QoS indication is carried in the UP (e.g. PDCP) packet header at least for the DL in RAN if SA2 decides to support it over UP. 
Proposal #5: A PDU session identifier (details are FFS) is carried in user plane if PDU session muxing is supported.  The value of the PDU session identifier is configured using RRC signalling.
Proposal #6: If the above is agreed, it is proposed to capture the message flows in the TR.
4 References
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Pre-authorised QoS in RAN 
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5 Annex A: RAN User plane configuration related to QoS used in LTE
	NAS/AS bearer related
	EPS bearer id

DRB id (1..32)

	PDCP
	PDCP discard timer

Status report required

PDCP SN size

Header compression profile

	RLC AM
	t-reordering

t-statusprohibit

Extended LI fields

	MAC
	LCID (3..10)

Priority (1..16)

PBR, bucket size duration (*check with R5 if there is a test case* )
Logical channel group

Logical channel SR Mask

Logical channel SR prohibit

	DC related
	PDCP t-reordering

DRB type


6 Annex B: Excerpt from QoS interim agreements in TR 23.799 (to be updated)
6.1 8.2
Interim Agreements on Key Issue #2: QoS framework

Interim agreements for Key issue #2 QoS framework are as follows:

1a.
Support Reflective QoS over RAN under control of the network. The network decides on the QoS to apply on the DL traffic and the UE reflects the DL QoS to the associated UL traffic. When the UE receives a DL packet for which reflective QoS should be applied, the UE creates a new derived QoS rule. The packet filter in the derived QoS rule is derived from the (i.e. the header of the) DL packet. For traffic that is subject to Reflective QoS the UL packet gets the same QoS treatment as the reflected DL packet. It shall be possible to apply Reflective QoS and non-reflective QoS on the same PDU session.

Editor's note:
It is FFS whether Reflective QoS indication is signalled via C-plane or inband.
Editor's note:
It is FFS whether derived QoS rules (derived via Reflective QoS) have higher or lower precedence order compared to signalled QoS rules.
Editor's note:
It is FFS whether Reflective QoS can be applied for every access network connecting to the NG Core.
1b
Reflective QoS can be used for non-GBR service data flows.

Editor's note:
It is FFS whether Reflective QoS can also be used for GBR service data flows.
2.
U-plane marking for QoS is carried in encapsulation header on NG3 i.e. without any changes to the e2e packet header.

3a.
A default QoS rule shall be provided at PDU Session establishment to UE.Pre-authorised QoS rules may be provided at PDU Session establishment to UE.
NOTE 1:
A pre-authorised QoS rule is any QoS rule (different from the Default QoS rule) provided at PDU Session establishment.
Editor's note:
QoS related signalling to the UE for non-3GPP access is FFS.

3b.
The NAS-level QoS profiles of the QoS rules provided at PDU Session establishment to the UE shall also be provided at PDU Session establishment to the RAN using NG2 signalling. QoS rules can be provided at PDU Session establishment to a NG AN based on non-3GPP access (e.g. depending on access capabilities) using NG2 signalling.
Editor's note:
It is FFS whether RAN needs to be aware which QoS rule is the Default QoS rule.

3c.
QoS rule consists of NAS-level QoS profile (A- or B-type), packet filters and precedence order.

3d.
To a UE connected via NG RAN based on 3GPP access, the signalled QoS rules are provided using NG1 signalling. To a UE connected via NG AN based on non-3GPP access, the signalled QoS rules may be provided using NG1 signalling.

NOTE 2:
In this release it is assumed that UEs that access the NextGen CN over non-3GPP access utilise the 3GPP NAS signalling.

Editor's note:
The bullet 3d above is the working assumption made by SA2 and can be reviewed in case RAN groups identify a scenario where AS awareness of packet filters is required.
4.
GBR SDF shall be supported in the NextGen System and QoS Flow-specific QoS signalling via the C-plane is needed for GBR SDF.

5.
NG2 signalling related to QoS, outside of PDU Session establishment, corresponding to a pre-authorised QoS rule should be minimised for initiation, modification or termination of SDFs with no GBR requirements.

Editor's note:
This is target for SA2, but the feasibility needs to be confirmed by RAN WG.

Editor's note:
NG2 QoS related signalling for non-3GPP access is FFS.

6.
NG1 signalling related to QoS, outside of PDU Session establishment, corresponding to a pre-authorised QoS rule should be minimised for initiation, modification or termination of SDFs with no GBR requirements.
Editor's note:
NG1 QoS related signalling for non-3GPP access is FFS.
7a.
For the purpose of subscription and service differentiation, enforcement of Max bit rate limits in UL and DL per Service Data Flow (SDF) shall be done in a CN_UP, being a trusted point of enforcement in the network. Rate limit enforcement per PDU session applies for flows that do not require guaranteed flow bit rate.
7b.
Max bit rate limit (MBR) in UL and DL per PDU session is enforced in CN_UP for flows that do not require guaranteed flow bit rate. For multi-homed PDU session, the PDU session MBR is enforced in each UPFs terminating the NG6 interface . The enforcement is done separately by each of these UPFs.
Editor's note:
It is FFS which type of flows the CN_UP applies "per SDF", "per PDU session" rate limitation on. It is FFS whether additional rate limit enforcement functionality is needed in the UP function.
NOTE 3:
AMBR per DN name is not supported.
8.
The AN shall enforce Max bit rate limit in UL and DL per UE for flows that do not require guaranteed flow bit rate.
Editor's note:
It is FFS which type of flows the AN applies rate limitation on.
Editor's note:
How to handle UL rate limitation per UE when the UE has access over non-3GPP AN and when the UE has access over multiple ANs including 3GPP and non-3GPP ANs is FFS

Editor's note:
UL Rate limitation requirements for the UE is FFS.
9.
QoS Flow is the finest granularity for QoS treatment in the NG System. User plane traffic with the same NG3 marking value within a PDU session correspond to a QoS flow.
10.1.1.
In the downlink the (R)AN binds QoS Flows onto access-specific resources based on the NG3 marking and the corresponding QoS characteristics provided via NG2 signalling, also taking into account the NG3 tunnel associated with the downlink packet. Packet filters are not used for binding of QoS Flows onto access-specific resources in (R)AN.
10.1.2.
When passing an UL packet from (R)AN to CN, the RAN determines the NG3 QoS marking and selects the NG3 tunnel based on information received from the Access Stratum.
NOTE 4:
How RAN maps QoS flows onto access-specific resources based on the NG3 marking is up to RAN WGs to decide.
10.2.1.
At the upper layers the UE matches the uplink packet to a QoS rule and binds the uplink packet to the NAS-level QoS profile (A- or B-type) of this QoS rule (explicitly signalled or implicitly derived via reflective QoS).
10.2.2.
When passing an UL packet from the upper layers to AS in the UE, the upper layers indicate to AS the NAS-level QoS profile (via the corresponding QoS marking), including information allowing the AS to identify the PDU Session.

10.2.3.
Conversely, when passing a DL packet from AS to the proper upper layer instance in the UE, it is the AS's responsibility to select the proper upper layer instance corresponding to the PDU Session. The AS also indicates the NAS-level QoS profile (via the corresponding QoS marking) to the upper layer instance.

NOTE 5:
The two bullets above do not make any assumption on the need for U-plane marking from RAN to the UE. That is up to RAN2 decision.

10.2.4.
For QoS-aware applications that use DSCP marking to indicate the requested QoS in the IP packet, a packet filter including the DSCP marking in the QoS rules provided by the CN_CP may be used for the purpose of binding to a specific QoS marking.
Editor's note:
It is FFS how to prevent potential abuse of DSCP marking by the applications in the UE (e.g. applications in the UE always using the highest DSCP marking).
10.3.
In case RAN decides that there is flexible (e.g. other than 1:1) mapping between NAS-level QoS profile and AS-level QoS, this mapping is transparent to the upper layers and has no impact on the NG3 marking. It is assumed that the access stratum will comply with the QoS characteristics associated with the NAS-level QoS profile.
NOTE 6:
It is up to RAN to define the AS-level QoS of DRBs and how uplink and downlink packets (with the associated QoS profile (A- or B-type) and the associated PDU Session information) are mapped to DRBs. It is noted that SA2 does not specify APIs between the upper layers and the AS. The use of terms such as "passing between upper layers and AS" is there only to clarify the responsibilities between SA2 and RAN2.
11.
Some User plane QoS markings are scalar values that have standardized QoS characteristics (referred to as A-type QoS profile).
12.
Some User plane QoS markings are scalar values that point to dynamic QoS parameters signalled over NG2 (referred to as B-type QoS profile).
NOTE 7:
The value of the QoS marking indicates the type of associated QoS profile (A- or B-type).
13.
QoS parameters may include the following:

a.
Maximum Flow Bit Rate.
b.
Guaranteed Flow Bit Rate.
c.
Priority level.
d.
Packet Delay Budget.
e.
Packet Error rate.
f.
Admission control.
NOTE 8:
Parameters c, d), e) apply for both bullets #11 and #12. Parameters a), b), f) apply only to bullets #12.

NOTE 9:
Need for other parameters such as packet jitter is FFS.
Editor's note:
Whether Priority Level is used for more than scheduling purpose is FFS.
Editor's note:
It is FFS which of the parameters listed above need to be signalled to the UE.
14.
QoS framework does not assume the need for NG3 tunnel per QoS flow.
15.
For non-guaranteed bit rate QoS flows corresponding to pre-authorized QoS rules, the UE sends UL traffic without any further NG1 signalling.

Editor's note:
How the UE indicates the QoS level is FFS.

16.
UE triggered QoS establishment for guaranteed bit rate QoS flows is based on explicit UE-requested QoS over NG1.
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